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Structural pi h osphoprotein <pp28) of human cytomegalovirus 
(HCMV), the preparation and use thereof 

The invention relates to a structural HCMV phosphopro t e i n 
of. 28 kD (pp28) and immunogenic parts thereof, to the pre- 
paration thereof by genetic manipulation, and to the use 
thereof as a diagnostic aid and for producing antibodies 
and vaccines. 

To date, HCMV polypeptides with molecular weights of about 

28 kD have been described in several investigations. Roby 
and Gibson (Roby, C. and Gibson, W. (1986) J. Virol. 59, 
714-727) and Nowak et al. (Nowak, B. et al. (1984) Virology 
132, 325-338) describe a phosphoprote i n of about 24 kD and 

29 kD, respectively. It is suggested in both publications 
that this protein is localized in the matrix. Pereira et 
al. (Pereira, L . et al. (1984) Virology 139, 73-86) des- 
cribe a monoclonal antibody which precipitates from infec- 
ted cell extracts a 25 kD glycoprotein which belongs to 
the glycoprotein D complex. Irmiere and Gibson (Irmiere, 
A. and Gibson, W. (1985) J. Virol. 56, 277-283) have iden- 
tified a 28 kD protein which was found both in the A and 
in the B capsid of various HCMV strains. Re et al. (Re, 
M.C. et al. ( 1.985) J. Gen,. Virol. 66, 2507-2511 ) investi- 
gated a 28 kD structural protein using a monoclonal 
antibody P2G11 (MAb P2G11). It remains unclear whether 
this was the protein described by Pereira et al. (loc. 
cit.) or that described by Nowak et al. (loc. cit.). 

Since a structural protein of 28 kD is recognised by al- 
most all highly positive human sera, and thus the 28 kD 
proteins must include one of the principal immunogens of 
HCMV, it appears desirable to identify and to isolate the 
HCMV gene coding for it. Another aim was subsequently to 
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express this gene in suitable host systems in order to 
characterize it more accurately and, possibly, to establish 
it as another principal immunogen of HCMV. 

It has been found that it is possible with the MAb P2G11 
(Re et at. loc. cit.) to identify and isolate from an HCMV 
cONA gene bank clones which code for a 28 kO phosphoprote in 
(pp28). To date no phosphoprote i n 28 kO in size has been 
disclosed. 



To prepare the gene bank, human prepuce fibroblast cells 
were infected with HCMV, strain Ad 169, and, 96 to 120 
hours after the infection, the poly(A) + -RNA was isolated, 
converted into ds-ONA and, without size fractionation, in- 
serted into the commercially available phage expression 
vector lambda g 1 1 1 . For this, the vector was cleaved with 
15 EcoRI and treated with alkaline phosphatase (from calf 

intestine) in order to suppress intramolecular religation. 
The cDNA was, by attachment of EcoRI linkers, inserted 
between the phage arms and packaged in vitro. In this way, 
100 ng of ds-cDNA resulted in a gene bank which contained 
20 about 5 x 10 5 independent recombinants and 18% wild-type 
phages. 



The screening of the gene bank was carried out by the 
method of R . A . Young and R.W. Davis, Proc. Natl. Acad. Sci. 
USA 80 (1983), 1194-1198, but with the modification that 

25 horseradish peroxidase was coupled to protein A, and 4- 
chloro-1-naph t hoi was used as detection system, employing 
the monoclonal antibody P2G11 described above. In this 
immunoscreening the colonies which are present on nitro- 
cellulose filters are cautiously incubated and, after re- 

30 moval of unbound reactants, positive plaques are detected 
using the said modified detection system. 

On screening of the gene bank with MAb P2G11, two positive 
signals were obtained from 150,000 recombinant lambda gt11 
phages. One clone with an insertion of about 270 base- 
35 pairs (bp) was selected and purified for further 
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characterization; it was called BUML-1. 

The E.coli strain Y 1089 was infected with the recombin- 
ant phage, and the synthesis of the 8-galac tos idase fusion 
protein was induced by addition of i sopropy 1 1 h i oga I a c t o- 
5 side (IPTG). This resulted in the formation of a fusion 
protein of about 130 kD, which is distinctly larger than 
the 8-galactosidase < 1 1^8 kD) and is not found in E. coli 
cells infected with lambda gt11; nor is it present in 
cells infected with BUML-1 but not induced. In Western 
10 blot analyses only the 130 kD polypeptide reacted with 

MAb P26.11. Hence it is evident that the recombinant clone 
BUML-1 synthesizes a fusion protein containing a HCMV pro- 
tein portion. 

The cDNA insertion of about 270 bp was now used to locate 
15 the gene for the HCMV protein in the viral genome: for 

this purpose, the abovemen t i oned cONA insertion was hybrid- 
ized with 8 cosmid clones which cover the entire genome 
of HCMV (B. Fleckenstein et al. (1982) Gene 18, 39-46). 
The cosmid pCM.1058, which contains the Hindlll fragments 
20 P, R and S, hybridized with the cDNA. More detailed 

Southern blot analysis of this region localized the HCMV 
0NA fragment to a 500 bp KpnI/Smal fragment on the left- 
hand end of the Hindlll R fragment (Fig. 1). It was pos- 
sible, using an Sstll cleavage site, to assign the cONA to 
25 the right-hand KpnI./Smal fragment in the genome orientation 
as shown in Fig. 1.^^ 1 

In Northern blot analyses the cDNA fragment of BUML-1 
hybridized most strongly with a late mRNA which is 1.3 kb 
in size and is completely transcribed from the direction 
30 of the Hindlll R fragment. 

10 of 14 HCMV-pos i t i ve sera selected at random ' reac ted 
with p28 derived from purified viruses; the same sera 
likewise reacted with a fusion protein (p271, see Example 
1) synthesized by a manipulated gene. When HCMV particles 
35 were phosphory I ated in vitro ( phosphor y I a ted in analogy to 
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Roley, C. and Gibson, W. loc. cit.) it was possible to 
precipitate a phosphory I a ted p28 both with MAb P2G11 and 
with antibodies against the fusion protein p271 (see 
Example 1). This indicates that the cloned protein is 
5 phosphory I ated and thus may be called pp28. 

Since it would be possible to isolate pp28 in the quanti- 
ties necessary for diagnostic aids and vaccines only with 
great technical elaboration, the mode of preparation by 
genetic manipulation according to the invention is parti- 

10 cularly advantageous. It has emerged that not only products 
expressed by eukaryotic cells but also expression products 
of bacteria have antigenic activity. Since bacteria do 
not produce phosphoprote ins from foreign genes, it was not 
to be expected that "HCMV pp28", or parts thereof, pre- 

15 pared in bacteria would also have strong immunogenic acti- 
vity. However, it has emerged that even such proteins are 
just as unambiguously recognized by appropriate sera as 
is authentic pp28. 



Consequently, the invention relates to 

20 a) the purified and isolated DNA sequence of the KpnI/Smal 
fragment on the I ef t-hand^?ad of the Hindlll R ^fragment 
of HCMV as shown in Fig. 1,/including the transcription 
products thereof, 

b) DNA structures and vectors containing this sequence in 
25 whole or in part, 



c) pro- or eukaryotic cells transformed with such ONA, 

d) the polypeptides, or parts thereof, expressed by these 
cells by reason of the transformation, 

e) the amino acid sequences thereof, and the use thereof 
30 as a diagnostic aid. 



antibodies against the p lypeptides in section d), 
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including the use thereof for passive immunization, for 
diagnosis and for purifying said polypeptides, 

g) vaccines against HCMV, which contain peptides and amino 
acid sequences from (e) alone or in combination, 

5 h) and a method for the preparation, by genetic manipu- 
lation, of the polypeptides, or parts thereof, mentioned 
in section (d). 

Further embodiments of the invention are defined in the 
examples which follow and in the patent claims, 

10 Example 1: Construction and expression of the plasmid p271 

Firstly, the plasmid pHM 7 was produced by inserting the 
approximately 500. bp KpnI-Smal fragment into M13mp11. The 
plasmid p271 is obtained by insertion of the approximately 
500 bp EcoRI-Smal fragment of pHM 7 into pEX-2 (Stanley, K . 

15 and P. Luzio (1984) EMB0 Journal 3, 1429-1434). Insertion 
into pEX 1 and pEX 3 produced no fusion proteins. The 
plasmid p271 thus codes for a fusion protein of about 
133 kD, composed of a pp28 portion (about 18 kO) fused to 
a Cro/8-galactos idase hybrid protein (about 115 kD). 

20 Expression in suitable E. coli strains is induced by heat- 
inactivation of a temperature-sensitive repressor. E.coli 
pop 2136 (Stanley, K. and P. Luzio loc. cit.) was cultured 
to a density of 0.2-0.3 (A^gOnm* at 30°C, and the synthe- 
sis of the fusion protein was induced by a rapid change in 

25 temperature to 42°C. After 90 min at 42°C, the cells 

were harvested, and the pp28 protein was purified by known 
methods. The fusion protein contributes about 5% of the 
total protein mass. 

Example 2: Optimization of pp28 expression 

30 By the reclonings described hereinafter it was possible 
(1) to improv overall the expression of pp28 as a fusion 
protein and (2) to reduce the foreign portion in the fusion 
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protein. The starting plasmid chosen was pBD2lC20H 
(European Patent Application EP 0,236,978), This plasmid 
thus codes for a B-ga I ac tos idase portion which is con- 
siderably (by more than 60%) shorter than with pEX-2, and 
5 induction was effected via the Lac promoter system by addi- 
tion of i sopropy I t h i oga I ac tos i de (IPTG). 

Two strategies were chosen for the cloning of the pp28 ONA 
fragment from p271: 

1) p271 was cut with EcoRI and Smal, and the EcoRI protru- 
10 sions were filled in using the Klenow fragment. The 

resulting approximately 500 bp fragment was inserted 
into the Smal site of pBD2IC20H. The linker region of 
the resulting plasmid pGB10 has the following DNA 
sequence (verified by indirect sequencing on the double- 
15 strand): 



( S ) E ( f i I led in) s 

(m) c m 

(a) a 

C) * I 

GATGGGGATCCCCAAT7CGAGC7CGCCCGACC. . .CZZZZG 

+ + ca. SOObp 

CTACCCCTAGGGGTTAAGCTCGAGCGGGCATGG : : : GGGZZZ 
from pBD2 IC20HX from p 271 ><jpp28... > 
AspGlyAspProGlr^heGIuLeuAIaArgTir . . . ?roGly 



2) The reading frame in the linker region of pB02IC20H was 
shifted by filling in the Bam HI site ( — > plasmid 
P6B11). It was then possible for the EcoRI/Smal frag- 
ment from p271 to be inserted, without previous filling- 
20 in of the EcoRI site, directly into pGB11 which had been 

cut with EcoRI and Nrul. The linker region of the 
resulting plasmid pGBl2 has the following DNA sequence: 



E (S N) 

c r) 
o (a u) 

R (I I ) 

I 

GATGGGGATCGATCCCCGGGTACCGAGCTCGAATTCGAGCTCGCCCG7ACC . . . ZZZZZk 

+ + + + ca. SOObp 

CTACCCCTAGCTAGGGGCCCATGGCTCGAGC77AAGCTCGAGCGGGCATGG. . . GGGGZZ 

from pCBll >< f rom p271 >< pp28... > 

AspGlyAspArgSerProGlyThrGluLeuGluPheGluLeuAlaArgThr . . . ProArg 



Estimation of the color intensity of the relevant protein 
bands after fractionation of E. coli total extracts re- 
vealed that the p271-encoded protein, after its induction, 
5 made up about 5% of the total protein content, whereas the 
corresponding figures for pGB10 and PGB12 were throughout 
about 20%. If account is taken of the fact that the 
foreign protein content in the pGB10- and pGB12-encoded 
fusion proteins is less than in that encoded by p271, it 
10 is evident that pp28 expression is increased about ten-fold 
by use of^G^IO or pGB12. 
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